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(57) ABSTRACT 

The present invention relates to novel cholesteric layered 
materials having the layer sequence A1/B/A2, Where A1 and 
A2 are identical or different and each comprise at least one 
cholesteric layer, and B is at least one interlayer separating 
the layers A1 and A2 from one another, Wherein layer B is an 
adhesive layer; cholesteric multilayered pigments Which can 
be produced therefrom; a process for their production, and 
their use. 
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CHOLESTERIC LAYERED MATERIAL, AND THE 
PRODUCTION THEREOF 

[0001] The present invention relates to cholesteric layered 
material, to multilayered cholesteric effect pigments, to a 
process for the production thereof, and to the use thereof. 

[0002] Cholesteric layered material having the layer 
sequence A1/B/A2, Where A1 and A2 are identical or different 
and each include at least one cholesteric layer, and B is at 
least one interlayer separating the layers A1 and A2 from one 
another, and cholesteric multilayered pigments having a 
corresponding structure are disclosed in DE-A-197 38 
368.8, DE-A-197 38 369.6, DE-A-197 57 699.0 and PCT/ 
EP98/05544 and PCT/EP98/05545. The disclosure content 
of these applications is expressly incorporated herein by Way 
of reference. 

[0003] It is an object of the present invention to provide 
cholesteric layered structures having a similar structure 
Which can be produced by lamination. 

[0004] We have found that this object is achieved by the 
provision of cholesteric layered material of the type 
described at the outset, having the layer sequence A1/B/A2, 
Where A1 and A2 are identical or different and each include 
at least one cholesteric layer, and B is at least one interlayer 
separating the layers A1 and A2 from one another, Where B 
preferably absorbs all or some of the light transmitted by the 
layers A1 and A2, and the layer B is an adhesive layer. 

[0005] In particular, the present invention provides a cho 
lesteric layered material Whose adhesive layer B has been 
produced from a composition including at least one heat 
and/or pressure-activatable adhesive. 

[0006] Examples of suitable adhesive additives are 
selected from solvent-containing polyurethane, in particular 
hydroxypolyester-polyurethane, solvent-containing adhe 
sives based on ethylene-vinyl acetate copolymers, polyacry 
lates, polymethacrylates, polyisobutenes, solvent-containing 
adhesive dispersions, such as natural rubber, synthetic rub 
ber based on polyvinyl acetate or polyurethane, polyvinyl 
alcohol, modi?ed cellulose and mixtures thereof. Suitable 
adhesives are described, for example, in Dauerhaft Kleben 
[Permanent Bonding], VincentZ-Verlag, Hanover, Dr. H. F. 
Huber. Suitable adhesives are available, for example, under 
the tradenames Desmocoll 540 and 400. 

[0007] Particularly suitable adhesives are those Which can 
be activated at a line pressure in the range from 1 to 30 
kg/cm, preferably from 2 to 10 kg/cm, of casting Width 
and/or at a temperature in the range from 20 to 120° C., 
preferably from 40 to 80° C. 

[0008] According to a preferred embodiment, cholesteric 
layered material is provided in Which the layer thicknesses 
of A1 and/or A2 are from about 0.5 to 20 pm, preferably from 
1 to 4 pm; and cholesteric layered material Whose layer 
thickness of B is from about 0.3 to 3 pm, preferably from 0.5 
to 1.5 pm. 

[0009] Preference is also given to cholesteric layered 
material in Which the adhesive strength betWeen the adhe 
sive layer B and the layers A1 and A2 are, independently of 
one another, greater by at least the factor 2, preferably at 
least the factor 3, for example by the factor 5, than the 
adhesive strength of the respective layer A1 or A2 to the layer 
support assigned in each case. 
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[0010] The present invention furthermore relates to a 
process for the production of the cholesteric layered material 
described above having the layer sequence A1/B/A2, Where 
the process has the folloWing steps: 

[0011] a) application of a ?rst coating composition 
forming the layer A1 to a ?rst layer support With 
subsequent curing of the layer A1; 

[0012] b) application of a second coating composition 
Which forms the adhesive layer B and comprises at 
least one heat- and/or pressure-activatable adhesive to 
the supported layer A1 With formation of the laminate 
Al/B; 

[0013] c) application of a third coating composition 
Which forms the layer A2 to a second layer support With 
subsequent curing of the layer A2; 

[0014] d) lamination of A2 onto the laminate Al/B by 
bringing the free sides of the layers A2 and B into 
contact under the action of pressure and/or temperature 
With formation of the laminate A1/B/A2; 

[0015] e) detachment of the second layer support from 
the laminate A1/B/A2; and 

[0016] f) if desired, detachment of the ?rst layer support 
from the laminate A1/B/A2. 

[0017] For example, steps a) and b) here can be carried out 
in a single operation by simultaneous or sequential applica 
tion of A1 and B to the ?rst layer support. 

[0018] In particular, the process is carried out by passing 
the supported laminate Al/B With its layer-support side over 
a ?rst, optionally heatable roll, Which is arranged opposite a 
second, optionally heatable roll, over Which the supported 
layer A2 is passed, likeWise With its layer-support side, the 
gap betWeen the ?rst and second rolls being adjustable by 
radial movement of the tWo rolls relative to one another in 
such a Way that the contact pressure betWeen the supported 
laminate Al/B and the supported layer A2 is in the range 
from 1 to 10 kg/cm of coating Width. 

[0019] The supported laminate Al/B and/or the supported 
layer A2 is passed over from 1 to 359°, for example from 90 
to 180°, of the circumference of the ?rst heatable roll or of 
the second roll. 

[0020] In addition, it may be advantageous to heat the 
supported laminate Al/B/A2 for at least 1 hour, for example 
for from 1 to 20 hours, at temperatures of 20° C. or above, 
for example at from 20 to 60° C., preferably for at least 8 
hours at at least 40° C., in order to increase the adhesive 
strength. 

[0021] In further modi?cations, for example, steps d) and 
e) or steps d), e) and f) or steps a) to f) can be carried out 
in a single operation. 

[0022] Process step f) is preferably carried out by bloWing 
the laminate Al/B/A2 With compressed air, if desired after 
prior scratching of the surface of the layered structure. 

[0023] The invention also relates to a process for the 
preparation of platelet-shaped cholesteric multilayered pig 
ments having the layer sequence A1/B/A2, Which comprises 
grinding a cholesteric layered material produced in accor 
dance With the invention to a particle siZe in the range of up 
to about 200 pm, for example from 10 to 50 pm. 



US 2003/0085380 A1 

[0024] The present invention furthermore relates to plate 
let-shaped cholesteric multilayered pigments obtainable in 
this manner Which, in particular, have a mean particle siZe in 
the range from 3 to 200 pm, for example from 10 to 50 pm, 
and a thickness of from 2 to 10 pm, for example from 3 to 
6 pm. 

[0025] The invention furthermore relates to compositions, 
for example coating compositions, comprising at least one 
cholesteric multilayered pigment according to the invention. 

[0026] For example, coating compositions of this type are 
selected from effect paints, inks or ?lms, in particluar from 
self-covering effect paints, inks or ?lms. 

[0027] The present invention also relates to the use of the 
above multilayered pigments and of layered material accord 
ing to the invention in the vehicle and vehicle accessory 
sector, in the EDP, leisure, sports and toys sector, as optical 
components, such as polariZers or ?lters, in the cosmetics 
area, in the textiles, leather or jeWelry area, in the gift-article 
area, in Writing utensils or on spectacle frames, in the 
construction sector, in the domestic sector and in print 
products of all types and for the production of paints and 
inks or in anticounterfeiting treatment of articles; and to the 
use of a composition according to the invention for coating 
utility goods or for painting vehicles. 

[0028] Depending on the application, the layered material 
according to the invention can remain on the support ?lm, be 
detached therefrom or transferred onto a neW support. Thus, 
for example, IR-re?ective laminates (having a transparent 
adhesive layer) can be transferred to glass sheets. 

[0029] A1 and A2 preferably comprise, independently of 
one another, cholesteric mixtures selected from 

[0030] 
mer; 

a) at least one cholesteric, polymeriZable mono 

[0031] b) at least one achiral, nematic, polymeriZable 
monomer and a chiral compound; 

[0032] c) at least one cholesteric, crosslinkable poly 
mer; or 

[0033] d) a cholesteric polymer in a polymeriZable 
diluent, 

[0034] e) at least one cholesteric polymer Whose cho 
lesteric phase can be froZen by rapid cooling to beloW 
the glass transition temperature, in the cured state. 

[0035] Curing ?xes the uniform alignment of the choles 
teric molecules in the cholesteric layer. The upper and loWer 
cholesteric layers A1 and A2 respectively have identical or 
different optical properties. They can, in particular, re?ect 
light of identical or different Wavelength, i.e. they can be of 
identical or different color. In the latter case, particularly 
interesting color effects can be achieved. A1 and A2 particu 
larly preferably have opposite directions of optical rotation, 
so that, for example, A1 re?ects light of a certain Wavelength 
in a left-handed circular-polariZed manner, Whereas A2 
re?ects light of the same Wavelength in a right-handed 
circular-polariZed manner, and the interlayer B is designed 
to be transparent. For example, a paint comprising pigments 
according to the invention in this preferred embodiment 
thlerefore advantageously appears particularly bright, since 
A and A2 in the paint ?lm are facing the incident light in a 
random distribution, so that the paint re?ects both right- and 
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left-handed circular-polariZed light of a certain Wavelength, 
Whereas a paint comprising only pigments having only one 
cholesteric layer or having a plurality of cholesteric layers 
having the same direction of optical rotation alloWs either 
the left- or right-handed circular-polariZed light to pass 
through. The formation of a plurality of cholesteric layers 
having different re?ection Wavelengths alloWs broad-band 
polariZers to be produced. 

[0036] A1 and A2 can also have identical or different 
mechanical properties. For example, they can be of different 
thickness or brittleness. 

[0037] The speci?c design of the adhesive layer B depends 
on the particular application of the multilayered structure or 
multilayered pigments. If, for example, high re?ection in the 
visible region is desired, layer B should have high hiding 
poWer. If high re?ection in the UV or IR region is desired, 
a highly transparent layer B may be advantageous. It is also 
particularly advantageous in this case to use layers A1 and A2 
having opposite directions of optical rotation. The use of UV 
absorbers in transparent layers B may likewise be advanta 
geous. 

[0038] B can, in addition, comprise at least one inorganic 
or organic absorption pigment, preferably bound in a binder 
matrix. The absorption pigment can be a White, colored or 
preferably a black pigment. Suitable inorganic absorption 
pigments are, for example, titanium dioxide, A1203, barium 
sulfate, strontium sulfate, Zinc oxide, Zinc phosphates, black 
iron oxide, lead chromate, strontium chromate, barium chro 
mate and metallic pigments, such as aluminum or bronZe 
poWder. 
[0039] Suitable organic absorption pigments are, for 
example, aZo pigments, metal complex pigments, such as 
aZo- and aZomethine-metal complexes, isoindolinone and 
isoindoline pigments, phthalocyanine pigments, quinacri 
done pigments, perinone and perylene pigments, 
anthraquinone pigments, diketopyrrolopyrrole pigments, 
thioindigo pigments, dioxaZine pigments, triphenylmethane 
pigments, quinophthalone pigments and ?uorescent pig 
ments. 

[0040] Particularly suitable are ?nely divided absorption 
pigments having a mean particle siZe of from 0.01 to 1 pm, 
preferably from 0.01 to 0.1 pm. 

[0041] The cholesteric multilayered material described 
above and the pigments derived therefrom offer a number of 
advantages: 

[0042] a) B can be set to be fully hiding (transmitted 
light absorbed completely), so that, if the pigmentation 
level is suf?ciently high, the color impression of the 
layered material or of the pigment is completely inde 
pendent of the background; there is no need for com 
plex and expensive background treatment matched to 
transparent interference pigments, as usual hitherto. 

[0043] b) The color of B can be varied, providing a 
further control parameter for the color impression of 
the materials according to the invention. 

[0044] c) The brightness of the materials according to 
the invention can additionally be adjusted by variation 
of the gloss or roughness of B. 

[0045] d) B can be varied speci?cally to the application 
for adjustment of the hardness or ?exibility of the 
material according to the invention. 
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[0046] e) B can be electroconductive and thus provide 
the material With electroconductivity Without the qual 
ity of the cholesteric layers being impaired thereby. 

[0047] f) A1, B and A2 are stacked one on top of the 
other in uniform thickness and parallel to one another, 
i.e. form a type of sandWich structure, considerably 
increasing the brightness of the pigments according to 
the invention. In addition, this produces an improved 
color impression compared With pigments coated on all 
sides, since all the cholesteric molecules in a layer are 
aligned in the same direction. 

[0048] g) The color impression is substantially indepen 
dent of eXternal stimuli, ie is stable over a broad 
temperature and pressure range. 

[0049] Further advantages are the folloWing: 

[0050] h) The adhesion of the individual layers of the 
layer package to one another is considerably improved, 
and consequently delamination during subsequent 
grinding to give the multilayered pigment is avoided 
even further. 

[00511] i) oWing to identical production conditions for 
A and A2, the tWo cholesteric layers have absolutely 
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identical properties, for eXample With regard to color 
impression. The reproducibility of the color formula 
tion is thus considerably simpli?ed. 

[0052] Suitable compositions of the cholesteric layers A1 
and A2 are described in DE-A-197 38 368.8 and 197 38 
369.6 from the same applicant. The disclosure content in the 
application is incorporated herein in its full scope, meaning 
that the composition of the tWo cholesteric layers need not 
be discussed in greater detail at this point. In particular, the 
latter application states that it is expedient for the production 
of cholesteric layers to use a cholesteric mixture rendered 
pourable by dilution. Cholesteric and nematic molecules 
Which can be used for the production of the layers A1 and A2 
are described, for eXample, in DE-A-43 42 280, 196 02 848, 
197 136 38, 195 32 408, 197 04 506, 196 31 658, 197 17 
371, 195 41 820, 196 19 460, 197 35 829, 197 44 321 and 
197 49 123, EP-A-0 358 208, WO 97/00600, 97/49694, 
98/03610, 98/04544, 98/14442, 98/23580 and 98/47979, 
Which are eXpressly incorporated herein by Way of refer 
ence. 

[0053] The folloWing compounds of the formulae (A) to 
(G) may be mentioned as non-limiting eXamples of suitable 
cholesteric molecules: 
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[0054] The following compounds of the formulae and 
(K) may be mentioned as non-limiting examples of suitable 
nematic compounds: 

0 
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[0058] Examples of diluents Which can be employed in the 
process according to the invention are linear or branched 
esters, especially esters of acetic acid, cyclic ethers and 

(H) 

?loocwo1A 
(K) 

CH3 0 

JV o(cH2),, o co 0c o(cH2),, 0c 

W 1 || || 2 O O 
O 

[0055] in Which n1 and n2, independently of one another, 
are 4 or 6, Where the monomer of the formula is 
preferably employed as a mixture of compounds in Which 
nl/n2 is 4/4, 4/6, 6/4 or 6/6. In the compounds of the formulae 
(H) and (K), the methyl substituent on the central benZene 
ring may, if desired, also be replaced by a hydrogen atom. 

[0056] The layers A1 and A2 are produced by applying at 
least one layer of a reactive, pourable cholesteric mixture, 
preferably by pouring, onto a support, preferably a mobile 
support, and forming a solid cholesteric layer. The reactive, 
pourable cholesteric mixture is preferably applied in the 
isotropic phase. In a preferred embodiment, the reactive, 
pourable cholesteric mixture is diluted before pouring and 
forms the solid cholesteric layer Where appropriate With 
removal of the diluent (during or after). The formation of the 
solid cholesteric layer can take place by crosslinking, by 
polymeriZation or by rapid cooling to beloW the glass 
transition temperature (freeZing of the cholesteric phase), 
Where the term “crosslinking” is taken to mean the covalent 
linking of polymeric compounds, and the term “polymer 
iZation” is taken to mean the covalent linking of monomeric 
compounds to form polymers. The term “curing” is taken to 
mean crosslinking, polymeriZation or freeZing of the cho 
lesteric phase. For the purposes of the present invention, a 
mixture is referred to as reactive if at least one compound 
present in the mixture is capable of forming covalent link 
ages. 

[0057] The mobile support is preferably strip-shaped and 
consists, for example, of a Web of metal foil, paper or plastic 
?lm. The cholesteric mixture is preferably applied With a 
proportion of diluent of from about 5 to 95% by Weight, in 
particular from about 30 to 80% by Weight, in particular 
from about 40 to 70% by Weight, particularly preferably 
from about 55 to 60% by Weight, in each case based on the 
total Weight of the mixture to be applied. 

esters, alcohols, lactones, aliphatic and aromatic hydrocar 
bons, such as toluene, xylene and cyclohexane, and ketones, 
amides, N-alkylpyrrolidones, especially N-methylpyrroli 
done, and in particular tetrahydrofuran (THF), dioxane and 
methyl ethyl ketone 

[0059] Further examples of suitable diluents are ethers and 
cyclic ethers, such as tetrahydrofuran or dioxane, chlori 
nated hydrocarbons, such as dichloromethane, 1,1,2,2-tetra 
chloroethane, l-chloronaphthalene, chlorobenZene or 1,2 
dichlorobenZene. These diluents are particularly suitable for 
polyesters and polycarbonates. Suitable diluents for cellu 
lose derivatives are, for example, ethers, such as dioxane, or 
ketones, such as acetone. If copolyisocyanates are employed 
as group d) polymers, it is appropriate to use polymeriZable 
diluents, as described in US. Pat. No. 08,834,745. Such 
polymeriZable diluents are, for example 

[0060] esters of ot,[3-unsaturated mono- or dicarboxylic 
acids, in particular C3-C6-mono- or -dicarboxylic acids, 
With C1-C12-alkanols, C2-C12-alkanediols or C1-C6 
alkyl ethers and phenyl ethers thereof, for example 
acrylates and methacrylates, hydroxyethyl or hydrox 
ypropyl acrylate or methacrylate, and 2-ethoxyethyl 
acrylate or methacrylate; 

[0061] vinyl C1-C12-alkyl ethers, such as vinyl ethyl 
ether, vinyl hexyl ether or vinyl octyl ether; 

[0062] vinyl esters of C1-C12-carboxylic acids, such as 
vinyl acetate, vinyl propionate and vinyl laurate; 

[0063] C3-C9-epoxides, such as 1,2-butylene oxide and 
styrene oxide; 

[0064] N-vinylpyrrolidone, N-vinylcaprolactam and 
N-vinylformamide; 

[0065] vinylaromatic compounds, such as stryene, 
ot-methylstyrene and chlorostyrene, and 
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[0066] compounds containing tWo or more crosslink 
able groups, such as diesters of diols (including poly 
ethylene glycols) With acrylic or methacrylic acid or 
divinylbenZene. 

[0067] Examples of preferred polymeriZable diluents are 
2-ethoxyethyl acrylate, diethylene glycol diacrylate, ethyl 
ene glycol dimethacrylate, diethylene glycol dimethacrylate, 
triethylene glycol dimethacrylate, diethylene glycol 
monomethyl ether acrylate, phenoxyethyl acrylate and tet 
raethylene glycol dimethacrylate. A particularly preferred 
polymeriZable diluent is styrene. 

[0068] The mixtures too can contain small amounts of 
polymeriZable diluents in addition to the inert diluent. Pre 
ferred polymeriZable solvents Which can be added are acry 
lates, in particular acrylates of higher functionality, such as 
bis-, tris- or tetraacrylates, particularly preferably high 
boiling oligoacrylates. The preferred amount added is about 
5% by Weight, based on the total Weight of the mixture. 

[0069] If desired, Water can also be added to the diluent or 
even employed as the only diluent. 

[0070] The crosslinkable or polymeriZable mixture can 
contain commercially available photoinitiators for the pho 
tochemical polymeriZation. These are not necessary for 
curing by electron beams. Examples of suitable photoinitia 
tors are isobutyl benZoin ether, 2,4,6-trimethylbenZoyl 
diphenylphosphine oxide, l-hydroxycyclohexyl phenyl 
ketone, 2-benZyl-2-dimethylamino-1-(4-morpholinophenyl 
)furan-l-one, mixtures of benZophenone and 1-hydroxycy 
clohexyl phenyl ketone, 2,2-dimethoxy-2-phenyl-acetophe 
none, per?uorinated diphenyltitanocenes, 2-methyl-1-(4 
[methylthio] phenyl)-2-(4-morpholinyl)-1-propanone, 
2-hydroxy-2-methyl-1-phenylpropan-1-one, 4-(2-hydroxy 
ethoxy)phenyl 2-hydroxy-2-propyl ketone, 2,2-diethoxyac 
etophenone, 4-benZoyl-4‘-methyldiphenyl sul?de, ethyl 
4-(dimethylamino)benZoate, mixtures of 2-isopropylthiox 
anthone and 4-isopropylthioxanthone, 2-(dimethylamino)et 
hyl benZoate, d,l-camphorquinone, ethyl-d,l-cam 
phorquinone, mixtures of benZophenone and 
4-methylbenZophenone, benZophenone, 4,4‘-bisdimethy 
lamine -benZophenone, (11 5-cyclopentadienyl)(11 6-isopropy 
lphenyl)iron(II) hexa?uorophosphate, triphenylsulfonium 
hexa?uorophosphate or mixtures of triphenylsulfonium 
salts, and butanediol diacrylate, dipropylene glycol diacry 
late, hexanediol diacrylate, 4-(1,1-dimethylethyl)cyclohexyl 
acrylate, trimethylolpropane triacrylate and tripropylene 
glycol diacrylate. 

[0071] The brightness of the pigment layer can be 
increased by addition of small amounts of suitable ?oW 
control agents. From about 0.005 to 1% by Weight, in 
particular from 0.01 to 0.5% by Weight, based on the amount 
of cholesteric molecule employed, can be used; suitable 
?oW-control agents are, for example, glycols, silicone oils 
and in particular acrylate polymers, such as the acrylate 
copolymers available under the name Byk 361 or Byk 358 
from Byk-Chemie, and the modi?ed silicone-free acrylate 
polymers available under the name Tego ?oW ZFS 460 from 
Tego. 

[0072] If desired, the polymeriZable or crosslinkable mix 
ture can also contain stabiliZers against UV and Weathering 
effects. Examples of compounds Which are suitable for this 
purpose are derivatives of 2,4-dihydroxybenZophenone, 
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derivatives of 2-cyano-3,3-diphenyl acrylate, derivatives of 
2,2‘,4,4‘-tetrahydroxy-benZophenone, derivatives of ortho 
hydroxyphenylbenZotriaZole, salicylates, ortho-hydrox 
yphenyl-s-triaZines or sterically hindered amines. These 
substances can be employed alone or preferably in the form 
of mixtures. 

[0073] The pourable, reactive cholesteric mixture prefer 
ably has a viscosity in the range from about 10 to 500 mPas, 
in particular from about 2 to 10 mPas, measured at 23° C. 

[0074] The cholesteric mixture is particularly preferably 
applied to the support at a rate of from about 1 to 800 m/min, 
in particular from about 5 to 100 m/min. 

[0075] In a preferred embodiment of the process, the 
mixture is applied to the substrate by means of a reverse roll 
coater, a kiss coater or in particular by means of an extrusion 
coater, doctor coater or knife coater, very particularly pref 
erably by means of a doctor coater or knife coater. 

[0076] The mixture is advantageously applied by means of 
a coating device Which subjects the mixture to high shear 
gradients during application. 
[0077] Preference is given to a coating device Whose 
coating gap Width is in the range from about 2 to 50 pm, in 
particular from about 4 to 15 pm. It is also advantageous to 
Work at a coater excess pressure of from about 0.01 to 0.7 
bar, preferably from 0.05 to 0.3 bar. 

[0078] Particularly suitable apparatuses for the production 
of cholesteric layers are coating machines having a knife 
coater applicator With Which a cholesteric mixture can be 
applied to a support ?lm transported over a roll rotating With 
high precision. The coating knife is advantageously 
mounted on a precision sledge, so that a de?ned gap against 
the support ?lm can be set precisely. 

[0079] If desired, the coating machine can be provided 
With cooling devices, for example With cooling rolls, in 
order also to make it possible to use heat-sensitive ?lms as 
substrates. 

[0080] The cholesteric mixture is preferably applied under 
increased pressure, in particular at a coater excess pressure 
in the range from about 0.01 to 0.7 bar, particularly prefer 
ably from 0.05 to 0.3 bar. 

[0081] The applied layer is dried by means of a drying 
device, for example by means of a circulated-air dryer, and 
subsequently, or instead of the drying, polymeriZed or 
crosslinked thermally, by UV radiation or by electron 
beams, curing by UV radiation or by electron beams being 
preferred. 

[0082] The applied layer is preferably dried to a residual 
content of volatile diluents of less than 1% by Weight, based 
on the dry Weight of the applied layer. The drying is 
preferably carried out at a temperature in the range from 20 
to 100° C. for a period of from about 2 to 60 seconds. 

[0083] The cured cholesteric layer has preferably a mean 
dry-layer thickness of from 0.5 to 20 pm, for example from 
1 to 10 pm, in particular from 1 to 4.5 pm, particularly 
preferably from 1 to 3 pm, or from 2 to 4 pM. The 
cholesteric layers produced in accordance With the invention 
have preferably a mean layer thickness variation of 10.2 pm 
or less, Which results in high color constancy of the choles 
teric layer. The mean layer thickness variation can be 
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determined in a simple manner, for example microscopically 
from thin sections. A suitable determination method can be 
carried out, for example, in accordance With the method 
described in EP-A-0 566 100. 

[0084] The cholesteric layers produced in this Way can 
additionally be characteriZed by at least one of the following 
parameters: 

[0085] a) R2 (in accordance With DIN 4768): 2210 nm, 
in particular 2110 nm, for example from about 105 to 
40 nm; 

[0086] b) Ra (in accordance With DIN 4768/1): 240 nm, 
in particular 220 nm, preferably 2 16 nm, for example 
from 15 to 5 nm; 

[0087] c) gloss (in accordance With DIN 67530) on 
application of the cholesteric material to a PET ?lm 
coated black on the back and at a measurement angle of 
60°: 

[0088] >90, for example from 100 to 190, in particu 
lar 

[0089] >100, for example from 100 to 130, at a 
re?ection maximum in the blue spectral region; or 

[0090] >130, for example from 130 to 160, at a 
re?ection maximum in the green spectral region; or 

[0091] >160, for example from 160 to 190, at a 
re?ection maximum in the red spectral region; 

[0092] d) domain diameter2§5 pm, in particular 215 
pm, preferably 220 pm or 225 pm With a tendency 
toWard dissolution; 

[0093] e) depth of the microgrooves delimiting the 
domainsz§110 nm, in particular 250 nm, preferably 
215 nm, for example from 10 to 3 nm. 

[0094] Layer B can, as already mentioned at the outset, 
comprise at least one inorganic or organic White, colored or 
black pigment if this layer is to have speci?c absorption 
properties. 
[0095] Preference is given to the use of graphite pigments 
or various types of carbon black, very particularly preferably 
readily dispersible color blacks having a speci?c surface 
area of 30 to 150 m2/g (BET method) and an absorption 
capacity of from 50 to 100 ml of dibutyl phthalate/100 g 
(DBP number). 
[0096] Particularly preferred absorption pigments are 
those Which give the transmitted-light absorbent layer mag 
netic properties. Suitable for this purpose are, for example, 
y-Fe2O3, Fe3O4, CrO2 and ferromagnetic metal pigments, 
for example Fe—, Fe—Cu—, and Fe—Ni—Cu alloys. 
These pigments alloW the production of high-gloss, black 
interlayers. 
[0097] Pigments Whose absorbent layer is magnetic rep 
resent a further subject-matter of the present invention. Such 
pigments can advantageously be aligned as desired by 
application of a magnetic ?eld. This alloWs avoidance, for 
example, of individual pigment platelets projecting from the 
others, Which has the consequence that less light is scattered 
and the color impression is improved. All platelets can be 
aligned jointly at a certain angle. It is also possible to 
generate full-area screens in order to achieve novel color 
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effects or partial screens for optical emphasis of characters 
or structures. The magnetic, cholesteric pigments according 
to the invention can also advantageously be employed in a 
liquid matrix, for example in liquid-crystal displays (LCDS), 
in Which they change their direction and thus their color 
impression on application of a magnetic ?eld. 

[0098] The absorption pigments are preferably bound in 
an organic binder matrix. Binders Which can be employed 
are the systems conventional in paints. Preference is given 
to radiation-curable systems containing reactive crosslink 
able groups, such as acrylic, methacrylic, ot-chloroacrylic, 
vinyl, vinyl ether, epoxide, cyanate, isocyanate or isothio 
cyanate groups. 

[0099] Other binders Which can be employed are mono 
meric agents and mixtures thereof With polymeric binders. 
Suitable monomeric agents are preferably those containing 
tWo or more crosslinkable groups, such as acrylic, meth 
acrylic, ot-chloracrylic, vinyl, vinyl ether, epoxide, cyanate, 
isocyanate or isothiocyanate groups. Particular preference is 
given to acrylic, methacrylic and vinyl ether groups. Mono 
meric agents containing tWo crosslinkable groups are, for 
example, the diacrylates, the divinyl ethers and the 
dimethacrylates of diols, for example propanediol, butane 
diol, hexanediol, ethylene glycol, diethylene glycol, trieth 
ylene glycol or tetrapropylene glycol. 

[0100] Monomeric agents containing three crosslinkable 
groups are, for example, the triacrylates, the trivinyl ethers 
and the trimethacrylates of triols, for example trimethylol 
propane, ethoxylated trimethylolpropane having 1 to 20 
ethylene oxide units, propoxylated trimethylolpropane hav 
ing 1 to 20 propylene oxide units, mixed ethoxylated and 
propoxylated trimethylolpropane, in Which the total amount 
of ethylene oxide units and propylene oxide units is from 1 
to 20. Other monomeric agents containing three crosslink 
able groups are the triacrylates, the trivinyl ethers and the 
trimethacrylates of glycerol, ethoxylated glycerol having 1 
to 20 ethylene oxide units, propoxylated glycerol having 1 
to 20 propylene oxide units, and mixed ethoxylated and 
propoxylated glycerol in Which the total number of ethylene 
oxide units and propylene oxide units is from 1 to 20. 

[0101] Monomeric agents containing four crosslinkable 
groups are, for example, the tetraacrylates, the tetravinyl 
ethers and the tetramethacrylates of tetraols, for example 
bistrimethylolpropane, ethoxylated bistrimethylolpropane 
having 1 to 20 ethylene oxide units, propoxylated bistrim 
ethylolpropane having 1 to 20 propylene oxide units, and 
mixed ethoxylated and propoxylated bistrimethylolpropane 
in Which the total amount of ethylene oxide units and 
propylene oxide units is from 1 to 20. Other monomeric 
agents containing four crosslinkable groups are, for 
example, the tetraacrylates, the tetravinyl ethers and the 
tetramethacrylates of tetraols, for example pentaerythritol, 
ethoxylated pentaerythritol having 1 to 20 ethylene oxide 
units, propoxylated pentaerythritol having 1 to 20 propylene 
oxide units, and mixed ethoxylated and propoxylated pen 
taerythritol in Which the total amount of ethylene oxide units 
and propylene oxide units is from 1 to 20. 

[0102] In order to increase reactivity in the crosslinking or 
polymeriZation in air, the binders and monomeric agents can 
comprise from 0.1 to 10% of a primary or secondary amine. 
Examples of suitable amines are ethanolamine, diethanola 
mine and dibutylamine. 
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[0103] The absorption pigment formulation can be pre 
pared by conventional dispersion methods knoWn to the 
persons skilled in the art using diluents, dispersants, photo 
initiators and, if desired, further additives. 

[0104] Diluents Which can be used are Water or organic 
liquids or mixtures thereof, organic liquids being preferred. 
Particular preference is given to organic liquids having a 
boiling point of beloW 140° C., in particular ethers, such as 
tetrahydrofuran, ketones, such as ethyl methyl ketone, and 
esters, such as butyl acetate. 

[0105] Dispersants Which can be used are loW-molecular 
Weight dispersants, for example stearic acid, or polymeric 
dispersants. Suitable polymeric dispersants or dispersion 
resins are knoWn to the person skilled in the art. Particular 
mention should be made of polyurethanes containing sul 
fonate groups, phosphate groups, phosphonate groups or 
carboxyl groups, vinyl chloride copolymers containing car 
boxyl groups, and polyimine polyesters and polyether acry 
lates With or Without incorporated functional groups. 

[0106] Crosslinkable or polymeriZable absorption pig 
ment formulations can be prepared using the photoinitiators 
Which are commercially available for photochemical poly 
meriZation, for example the photoinitiators listed above for 
the photochemical polymeriZation of the cholesteric mix 
tures. 

[0107] In the present invention, the composition used for 
the production of layer B is, in addition to the abovemen 
tioned constituents, admixed With a pressure- and/or heat 
sensitive adhesive. Adhesives of this type are knoWn per se 
from the prior art. These include, for example, solvent 
containing adhesives based on ethylene-vinyl acetate 
copolymers, polyacrylates, polymethacrylates, poly 
isobutenes, solvent-containing adhesive dispersions, such as 
natural rubber, synthetic rubber, polyvinyl acetate and poly 
urethane derivatives. For the purposes of the present inven 
tion, particular preference is given to hydroxypolyester 
polyurethanes, Which can be matched Within broad limits to 
the respective technical parameters of the lamination plant to 
be used in accordance With the invention. If the carbon black 
dispersion described above is prepared in an aqueous sys 
tem, polyvinyl alcohol and modi?ed cellulose can also be 
employed as adhesion-active components. In addition, 
radiation-crosslinkable, in particular UV-crosslinkable adhe 
sives can also be used in accordance With the invention. 

[0108] The adhesive effect can be based on both thermal 
and chemical setting processes. TWo-component systems 
and radiation-curable adhesives are also suitable for the 
composition of layer B according to the invention. 

[0109] The folloWing properties are important in the selec 
tion of the adhesives: 

[0110] Good solubility in the solvents used in the pig 
ment dispersion. 

[0111] Good compatibility With the pigment dispersion. 

[0112] The heat-activation temperature of the adhesive 
should be in a temperature range of from 20 to 120° C. 

[0113] If this adhesive-modi?ed pigment layer is to be 
Wound up in a non-tacky manner directly after the 
coating operation of layer B, a rapid increase in 
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strength is necessary, Which requires an adhesive hav 
ing a strong crystalliZation tendency. 

[0114] The composition of layer B according to the inven 
tion is prepared, for example, by compounding the pigment 
dispersion described above, consisting of pigment, lubricant, 
dispersion resin and solvent, in a compounder, subsequently 
adding further solvent, and then adjusting the mixture to the 
optimum degree of dispersion in a stirrer mill. The progress 
of the dispersion can be monitored by means of an interfer 
ence-contrast method, as described, for example, in EP-B-0 
032 710. The dispersion process can be terminated When the 
surface to be tested is agglomerate-free. A layer produced in 
this Way has high gloss and a basic roughness of <100 nm. 

[0115] A heat- and/or pressure-activatable adhesive, as 
described above, is subsequently added to the pigment 
dispersion prepared in this Way. 

[0116] The type and amount of the added adhesive can be 
determined by any person skilled in the art by means of 
routine experiments. The folloWing conditions must be 
satis?ed: 

[0117] The layer adhesion of layers A1, B and A2 to one 
another must be greater, for example by a factor of at 
least 2, preferably by a factor of 3, than the respective 
adhesion of A1 and A2 to the layer support. The adhe 
sive strength of A1 and A2 to the layer support is usually 
betWeen 0.1 and 2 cN, for example from 0.1 to 1.0 cN. 

[0118] In the lamination process, it must be possible to 
transfer the cholesteric layer to the adhesive layer under 
the selected pressure and temperature conditions, ie 
the adhesion of the cholesteric layer to layer B must be 
greater than the adhesion to its polymeric layer support. 

[0119] The layer materials and pigments according to the 
invention can basically have the folloWing layer sequence: 

[0120] 1) if desired, at least one release layer, 

[0121] 2) at least one cholesteric color-effect layer, 

[0122] 3) at least one adhesive layer, Which, if desired, 
fully or partially absorbs transmitted light, 

[0123] 4) at least one further cholesteric color-effect 
layer, and 

[0124] 5) if desired, at least one release layer. 

[0125] Preferred layer supports are knoWn, preferably 
thermoplastic ?lms made from polyesters, such as polyeth 
ylene terephthalate or polyethylene naphthalate, and poly 
ole?ns, cellulose triacetate, polycarbonates, polyamides, 
polyimides, polyamidoimides, polysulfones, aramids or aro 
matic polyamides. The thickness of the layer supports is 
preferably from about 5 to 100 pm, in particular from about 
10 to 20 pm. The layer support can have been subjected to 
prior corona discharge treatment, plasma treatment, slight 
adhesion treatment, heat treatment, dust removal treatment 
or the like. The layer support preferably has a mean center 
line surface roughness of 0.03 pm or less, in particular 0.02 
pm or less, particular preferably 0.01 pm or less. In addition, 
it is desired that the support not only has such a loW mean 
center-line surface roughness, but also has no large projec 
tions (elevations) of 1 pm or more. The roughness pro?le of 
the surface of the support can be varied by means of ?llers 
added to the layer support during its production. Examples 
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of suitable ?llers are oxides and carbonates of Ca, Si and Ti, 
and organic ?ne powders of acrylic substances. 

[0126] The support can also be a metalliZed ?lm or a 
preferably polished metal band, Which can also be in the 
form of a continuous band. 

[0127] The release layer Which may be present comprises, 
for example, polyole?n compounds or silicone-containing 
compounds. 
[0128] The process according to the invention for the 
production of a cholesteric layered material is preferably 
carried out as folloWs: 

[0129] a) In a ?rst step, a ?rst cholesteric layer A1 is 
applied to a ?rst layer support by means of one of the 
abovementioned pouring devices, dried and cured. The 
layer thickness of this ?rst cholesteric layer is from 
about 0.5 to 20 pm, in particular from about 1 to 10 pm, 
particularly preferably from about 1 to 3 pm. The 
pourable cholesteric mixture A1 preferably has a vis 
cosity in the range from about 10 to 500 mPas, in 
particular from about 10 to 100 mPas, measured at 23° 
C. The cholesteric mixture is particularly preferably 
applied to the layer support at a rate of from about 1 to 
800 meters per minute, in particular from about 5 to 
100 meters per minute. 

[0130] b) The adhesive-containing layer B is subse 
quently applied to the layer A1, cured if desired, but in 
any case passed through a drying apparatus knoWn 
from the prior art. The dry-layer thickness of B is in the 
range from about 0.2 to 3 pm, particularly preferably 
from about 0.5 to 1.5 pm. Layer B is particularly 
preferably applied to layer A1 by simultaneous coating; 
hoWever, the tWo layers can also be applied in separate 
pouring operations. 

[0131] c) In a next step, a second cholesteric mixture 
Which forms layer A2 is applied to a second layer 
support, dried and cured. The pouring operation is 
preferably carried out analogously to the production of 
layer A1. 

[0132] d) This is folloWed by lamination, ie the trans 
fer of layer A2 to the adhesive-coated layer B. 

[0133] e) The second layer support is then removed 
from layer A2. 

[0134] f) The multilayer structure With the layer 
sequence Al/B/A2 can be detached from the ?rst layer 
support and is then ready for use. 

[0135] The detachment of the multilayer structure from 
the ?rst layer support can be carried out, for example, by 
passing it over a de?ection roll of small diameter. As a 
consequence, the crosslinked material delaminates from the 
support. Other knoWn methods are also suitable, for example 
peeling off the layer support via a sharp edge, scratching the 
surface of the layer package by means of an air knife and 
subsequently bloWing by means of compressed air or a jet of 
Water or steam, ultrasound or combinations thereof. 

[0136] The cholesteric multilayer material, Which noW has 
no support, can, if desired, be converted into a multilayer 
pigment by comminution to the desired particle siZe. This 
can be carried out, for example, by grinding in a universal 
mill. The comminuted pigments can subsequently be clas 
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si?ed in order to narroW the particle-siZe distribution, for 
example by means of a screening process. 

[0137] Referring to FIG. 1, Which shoWs a schematic 
draWing of the lamination plant, the production of a layered 
structure Al/B/A2 according to the invention is outlined 
beloW. 

[0138] The ?rst laminate outlined above, consisting of the 
?rst layer support 3, the layer 4 (i.e. layer A1) and the layer 
5 cast thereon (i.e. layer B), is Wound onto a stock roll 1. The 
second laminate, consisting of the second layer support 6 
and the second cholesteric layer 7 (i.e. layer A2), is on a 
second stock roll 2. The ?rst laminate is fed over a de?ection 
roll 8 With the layer-support side 3 over the surface shell of 
a heatable roll 10 into the gap betWeen the roll 10 and a roll 
11 opposite thereto, Where the rolls are counter-rotating. The 
second laminate is then fed into this gap at the same 
transport rate as the ?rst laminate by unrolling from the 
stock roll 2 via a de?ection roll 9 in such a Way that, on 
passing through the gap, the adhesive layer 5 of the ?rst 
laminate and layer A2 (reference symbol 7) of the second 
laminate are brought into contact With one another. The roll 
10 is preferably a heatable steel roll. The roll 11 is preferably 
a plastic roll, for example provided With a polyurethane 
jacket, Which is pressed against the roll 10. By adjusting the 
de?ection roll 8, the loop angle of the ?rst laminate and thus 
the heating time can be varied. The roll 11 is pressed against 
roll 10 at a force of from 1 to 10 kg per centimeter of cast 
Width of the laminate, so that an intimate connection 
betWeen layer 5 and layer 7 takes place in the roll gap. Since 
the adhesion of layer 7 to layer 5 is greater than that to the 
second layer support 6, layer 7 separates from the second 
layer support 6. The latter is passed over a de?ection roll 13 
onto a Wind-up roll 14. The multilayer structure on the layer 
support 3, consisting of layers 4, 5 and 7, is Wound up onto 
a Wind-up roll 15 on the support side via a further de?ection 
roll 12. 

[0139] Naturally, numerous modi?cations of the outlined 
lamination process are also possible. For example, the 
production of the ?rst and second laminates and the transfer 
process can take place in a single operation (in-line). In this 
case, the ?rst and second laminates are combined immedi 
ately after their production, ie without interim rolling-up, 
betWeen the rolls 10 and 11 in the lamination device outlined 
above. 

[0140] In a further modi?cation of the above process, the 
Winding-up of the ?rst layer support 3 onto the Wind-up roll 
15 can be carried out With simultaneous detachment of the 
multilayered structure 4, 5, 7 from the layer support. The 
multilayered structure can then either be fed directly to 
comminution or Wound up on a further roll. 

[0141] If, as outlined above, the ?rst and second laminates 
are produced in-line With the lamination process, the adhe 
sive in layer B can have a loWer activation temperature, 
preferably in the range from 20 to 50° C., since there is no 
longer any need to Wind up the ?rst laminate after its 
production. By contrast, if the production process of the ?rst 
and second laminates and the transfer process are carried out 
off line, ie in separate steps, the adhesive must have a 
higher activation temperature in the range from 40 to 120° 
C. so that the ?rst laminate does not stick during Winding-up 
onto the stock roll 1. 

[0142] The present invention furthermore relates to the use 
of the pigments according to the invention in the vehicle and 
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vehicle accessory sector, in the leisure, sport and games 
sector, in the cosmetics area, in the textiles, leather and 
jeWelry areas, in the gift article area, in Writing utensils, 
packaging or spectacle frames, in the construction sector, in 
the domestic sector and in print products of all types, for 
example cardboard boxes, packaging, carrier bags, papers, 
labels or ?lms. 

[0143] OWing to the Wide range of achievable re?ection 
Wavelengths, the color effects Which can be achieved by the 
cholesteric ?lms or cholesteric pigments according to the 
invention also cover the UV and IR regions and of course the 
region of visible light. If the pigments according to the 
invention are applied to bank notes, check cards, other 
cashless payment means or identity documents (for example 
by knoWn printing processes) or incorporated therein, this 
makes identical copying, in particular counterfeiting, of 
these articles considerably more dif?cult. The present inven 
tion thus furthermore relates to the use of the pigments 
according to the invention for anticounterfeiting treatment of 
articles, in particular bank notes, check cards or other 
cashless payment means or identity documents. 

[0144] The non-limiting examples beloW serve to explain 
the invention in greater detail. 

EXAMPLE 1 

[0145] Production Of Three-Layer Structures Under Vari 
ous Production Conditions 

[0146] a) Production Of The Supported Layer A1 

[0147] With the aid of a casting apparatus as described in 
greater detail in German application ?le reference 
19738369.6, a solution consisting of 45 parts of cholesteric 

mixture (96.2% of nematic component of the formula and 3.8% of chiral component of the formula (D)), 

[0148] 3 parts of the photoinitiator Irgacure® 907 (from 
Ciba-Geigy), 0.1 part of Byk 361 (from Byk) and 51.9 parts 
of methyl ethyl ketone is applied to a polyester ?lm With a 
thickness of 15 pm. The coated ?lm is then fed through a 
drying tunnel held at 60° C. The physically dried layer is 
subsequently cured in-line by irradiation With UV light 
under a nitrogen atmosphere, and the coated ?lm is Wound 
onto a spool. The cholesteric layer has a thickness of 2 pm 
and re?ects light having a maximum re?ection at a Wave 
length of 505 nm perpendicularly to the layer plane. To the 
naked eye, the layer appears green on a black background 
When vieWed perpendicularly, With a color change to blue 
When the layer is vieWed at an angle. 

[0149] b) Production Of The Interlayer B 

[0150] 150 g of color black Regal 400R (manufacturer: 
Cabot Corporation) are compounded in a laboratory com 
pounder having a capacity of 300 ml for 1 hour With 3 g of 
stearic acid, 40 g of a phosphonate-containing dispersion 
resin, 50% in tetrahydrofuran, described in DE-A-195 16 
784, and 40 g of methyl ethyl ketone. The resultant com 
pounded composition (solids content 70.7%) is subsequently 
adjusted to a solids content of 25% in a dissolver With 499 
g of methyl ethyl ketone. This dispersion is then dispersed 
out optimally in a stirrer mill (Dispermat SL, grinding 
chamber volume 125 ml, grinding elements Zirconium oxide 
1-1.25 The progress of the dispersion is monitored by 
means of an interference contrast method (EP-B-0 032 710). 
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The ?nal ?neness is achieved When the surface to be tested 
is agglomerate-free. A layer produced therefrom has high 
gloss and a basic roughness of 2100 nm. 

[0151] 260 g of polyester-polyurethane adhesive (Desmo 
coll 400; manufacturer: Bayer AG) are added to the resultant 
dispersion in the folloWing amounts: samples 1 and 2: 260 
g, samples 3, 3a and 4: 298 g, samples 5 and 6: 335 g. This 
adhesive had previously been adjusted to a solids content of 
15% using methyl ethyl ketone. The adhesive is incorpo 
rated by means of a dissolver. The dispersion produced by 
this process has a high-gloss, defect-free surface even after 
addition of the adhesive. 

[0152] The dispersion produced in this Way is cast onto 
layer A1 in a layer thickness of 0.8 pm using the casting 
apparatus from step a) and dried at room temperature, giving 
the ?rst laminate. 

[0153] c) Production Of The Supported Layer A2 

[0154] Analogously to step a), layer A2 is applied to a 
second polyester ?lm, likeWise With a thickness of 15 pm. 
The post-treatment is likeWise carried out as in step a). The 
second laminate is obtained in this Way. 

[0155] d) Production Of The Three-Layer Laminate Al/B/ 
A2 

[0156] The laminate produced by the abovementioned 
steps a) and b) runs on the support side for heating over a roll 
heated to the desired lamination temperature. The second 
laminate is fed at the same rate as the ?rst laminate so that 
layers B and A2 come into contact With one another. A 
second roll is pressed against the heating roll and the tWo 
laminates running over it at a force of 5 kg/cm of ?lm Width, 
so that an intimate connection betWeen layer B and layer A2 
takes places in the roll gap. 

[0157] The second support ?lm is subsequently peeled off 
from the three-layer laminate and Wound up separately. The 
three-layer laminate remaining on the ?rst support ?lm is 
likeWise Wound up. Sample 3a is additionally heated at 80° 
C. for 16 hours. The adhesive force is determined, as 
described in Example 3, for B/A1 and B/A2. 

[0158] e) Removal Of The Three-Layer Laminate From 
The First Support Film 

[0159] The three-layer laminate supported as described 
under d) is removed from the polyester support ?lm by 
damaging the three-layer laminate transversely to the ?lm 
Web direction using a raZor blade and then bloWn off using 
compressed air forced through a slit noZZle. During this 
operation, the coated ?lm is continuously moved past the slit 
noZZle, and the three-layer laminate bloWn off is collected in 
the form of ?akes. The three-layer ?akes have a thickness of 
6 pm and exhibit a strong green color on both sides When 
vieWed perpendicularly, With a color change to blue When 
vieWed at an angle to the ?akes. 

[0160] f) Grinding Of The Three-Layer Flakes To Give A 
Pigment 

[0161] 10 g of cholesteric ?akes produced as described 
under e) are mixed With 100 g of sodium chloride and 
ground 6 times for 2 minutes in an impact knife mill. After 
grinding, the salt is Washed out With Water and the pigment 
is isolated. 
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[0162] The composition of the respective adhesive layer 
and the lamination conditions used in each case and the 
adhesive-force values determined are shoWn in Table 1 
beloW for all the samples. 

three-layer laminate tears apart at point C (FIG. 3). FIG. 5 
shoWs the change in force, and pointA is the tear peak of the 
three-layer laminate. In the remainder of the measurement, 
the adhesive strength of the cholesteric layer to the layer 

TABLE 1 

Carbon Lamination Layer Adhesive Adhesive 
Sample black Adhesive temperature m/min Pressurez) transfer A2 force B/A1 force B/A2 

1 1001) 1731) 60° c. s 3.8 no not not 
2 100 173 90° C. 8 3.8 partial determined determined 
3 100 198 70° C. 8 3.8 complete 28.6 cN 4.0 cN 
3a 100 198 70° C., 8 3.8 complete 28.6 cN 28.6 cN 

conditioned 
4 100 198 90° C. 8 3.8 complete 28.6 cN 4.6 cN 
5 100 223 60° C. 8 3.8 complete 28.6 cN 8.2 cN 
6 100 223 90° C. 8 3.8 complete 28.6 cN 3.0 cN 

1) Parts by Weight, based on the dry Weight of the adhesive layer 
2) Line pressure (kg/cm) 

[0163] No layer transfer of A2 to the ?rst laminate took 
place in sample 1 and only partial transfer took place in 
sample 2, While complete layer transfer Was observed in all 
the other samples. During grinding to give three-layer ?akes 
(step f), only slight delamination of the laminate B/A2 Was 
observed in the case of samples 3 to 6. Sample 3a exhibited 
virtually no delamination. 

[0164] Since the adhesive force of the cholesteric layers 
A and A2 on the layer support is betWeen 0.2 and 0.5 cN, it 
can be seen from the measurement values that the adhesive 
force Within the three-layer laminate is signi?cantly higher 
than the adhesive force of the cholesteric layer to the layer 
support. 

[0165] The measurement of the adhesive force is 
described beloW. 

EXAMPLE 2 

Measurement Of The Adhesive Force 

[0166] The measurement of the adhesive force is carried 
out as folloWs, reference being made to FIGS. 2 to 5. 

[0167] Apiece of adhesive tape 18 With a length of about 
5 cm is ?xed to a ?at metal plate 17. The adhesive tape 18 
used can be any commercially available adhesive tape Which 
gives an adhesive force With a PET reference ?lm, under 
otherWise identical measurement conditions, of from about 
7.3 to 7.9 cN, in particular about 7.6 cN. The PET reference 
?lm used here is a PET ?lm, type E2R, from Teijin, 
thickness 9 pm, Width 6.35 mm, surface roughness R2 in 
accordance With DIN 4768 0.86 pm, surface roughness Ra 
in accordance With DIN 4768/1 0.012 pm, in accordance 
With EP-B-O 032 710 (interference contrast method) from 75 
to 125 nm. The adhesive layer is upWardly directed and faces 
aWay from the plate. The laminate to be measured, consist 
ing of the layer support 6 and the three-layer laminate 3, 4, 
5, is applied in such a Way that a cholesteric layer comes into 
contact With the adhesive layer, as shoWn in FIG. 2. The free 
end of the laminate is bent in such a Way that it forms an 
angle of 160° With the plane of the metal plate. The free end 
is pulled against the adhering end of the tape in the direction 
of the arroW at a constant rate of 0.1 mm per second, the 
tensile force in the tape increasing constantly until the 

support is measured, as shoWn in FIG. 4. In the force 
diagram shoWn in FIG. 5, point B denotes the adhesive 
strength of the cholesteric layer on the ?lm. It can be seen 
from the diagram that the force needed to tear the layer apart 
(point A) is a multiple greater than the force needed to 
detach the cholesteric layer from the layer support. 

[0168] The tensile stresses in the tape (3, 4, 5, 6) are 
recorded using a high-resolution sensor and plotted as peel 
force in cN using a y-T plotter. In the present case, the 
maXimum tensile strength is given by the adhesion of the 
adhesive tape 17 to the three-layer laminate 3, 4, 5, Which is 
8.6 cN. Higher tensile forces can consequently not be 
measured using this arrangement. 

We claim: 
1. A cholesteric layered material having the layer 

sequence A1/B/A2, Where A1 and A2 are identical or different 
and each comprise at least one cholesteric layer, B is at least 
one interlayer separating layers A1 and A2 from one another, 
Wherein layer B is an adhesive layer. 

2. A cholesteric layered material as claimed in claim 1, 
Wherein the adhesive layer B has been produced from a 
composition comprising at least one heat- and/or pressure 
activatable adhesive. 

3. A cholesteric layered material as claimed in claim 2, 
Wherein the heat- and/or pressure-activatable adhesive is 
selected from the group consisting of solvent-containing 
polyurethanes, solvent-containing adhesives based on eth 
ylene-vinyl acetate copolymers, polyacrylates, poly 
methacrylates, polyisobutenes, solvent-containing adhesive 
dispersions, such as natural rubber, synthetic rubber based 
on polyvinyl acetate or polyurethane, polyvinyl alcohol, 
modi?ed cellulose and miXtures thereof. 

4. A cholesteric layered material as claimed in one of 
claims 2 and 3, Wherein the adhesive can be activated at a 
line pressure in the range from 1 to 30 kg/cm of cast Width 
and/or at a temperature in the range from 20 to 120° C. 

5. A cholesteric layered material as claimed in one of the 
preceding claims, Wherein the layer thicknesses of A1 and A2 
are from about 0.5 to 20 pm. 

6. A cholesteric layered material as claimed in one of the 
preceding claims, Wherein the layer thickness of B is from 
about 0.3 to 3 pm. 
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7. A cholesteric layered material as claimed in one of the 
preceding claims, Wherein the adhesive force betWeen the 
adhesive layer B and layer A1 or A2 is greater by a factor of 
at least 2 than the adhesive force of the respective layer A1 
or A2 to the corresponding layer support. 

8. A cholesteric layered material as claimed in one of the 
preceding claims, Where A1 und A2 comprise, independently 
of one another, cholesteric mixtures selected from 

a) at least one cholesteric, polymeriZable monomer; 

b) at least one achiral, nematic, polymeriZable monomer 
and a chiral compound; 

c) at least one cholesteric, crosslinkable polymer; or 

d) a cholesteric polymer in a polymeriZable diluent, 

e) at least one cholesteric polymer Whose cholesteric 
phase can be froZen by rapid cooling to beloW the glass 
transition temperature, 

in the cured state. 
9. A process for the production of cholesteric layered 

material having a layer sequence Al/B/A2 as claimed in one 
of claims 1 to 8, Which comprises the folloWing steps: 

a) application of a ?rst coating composition forming the 
layer A1 to a ?rst layer support With subsequent curing 
of the layer A1; 

b) application of a second coating composition Which 
forms the adhesive layer B and comprises at least one 
heat- and/or pressure-activatable adhesive to the sup 
ported layer A1 With formation of the laminate Al/B; 

c) application of a third coating composition Which forms 
the layer A2 to a second layer support With subsequent 
curing of the layer A2; 

d) lamination of A2 onto the laminate Al/B by bringing 
the free sides of the layers A2 and B into contact under 
the action of pressure and/or temperature With forma 
tion of the laminate A1/B/A2; 

e) detachment of the second layer support from the 
laminate A1/B/A2; and 

f) if desired, detachment of the ?rst layer support from the 
laminate A1/B/A2. 

10. Aprocess as claimed in claim 9, Wherein steps a) and 
b) are carried out in a single operation by simultaneous or 
sequential application of A1 and B to the ?rst layer support. 

11. Aprocess as claimed in claim 9, Wherein the supported 
laminate Al/B is fed, With its layer-support side, over a roll 
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(10), Which may be heatable and Which is opposite a further 
roll (11), Which may be heatable, over Which the supported 
layer A2 is likeWise passed With its layer-support side, the 
gap betWeen the rolls (10) and (11) being adjustable through 
radial movement of the tWo rolls With respect to one another 
in such a Way that the contact pressure betWeen the sup 
ported laminate Al/B and the supported layer A2 is in the 
range from 1 to 10 kg/cm of coating Width. 

12. A process as claimed in claim 11, Wherein the sup 
ported laminate Al/B and/or the supported layer A2 is/are 
passed over from 1 to 359° of the circumference of the 
heatable roll (10) or the roll (11). 

13. A process as claimed in claim 11, Wherein the sup 
ported laminate Al/B/A2 is heated for at least 1 hour at a 
temperature of above 20° C. 

14. A process for the production of platelet-shaped cho 
lesteric multilayered pigments having the layer sequence 
A1/B/A2, Wherein a cholesteric layered material produced as 
claimed in one of claims 9 to 13 is ground to a particle siZe 
in the range of up to about 200 pm. 

15. A platelet-shaped cholesteric multilayered pigment 
obtainable by a process as claimed in claim 14. 

16. Aplatelet-shaped cholesteric multilayered pigment as 
claimed in claim 15, Which has a mean particle siZe in the 
range from 10 to 50 pm and a thickness of from 2 to 10 pm. 

17. A composition comprising at least one multilayered 
pigment as claimed in one of claims 15 and 16. 

18. A coating composition comprising at least one mul 
tilayered pigment as claimed in one of claims 15 and 16. 

19. A coating composition as claimed in claim 18, Which 
is selected from effect coatings, paints and ?lms. 

20. The use of a multilayered pigment as claimed in one 
of claims 15 and 16 or of a layered material as claimed in 
one of claims 1 to 8 in the vehicle and vehicle accessory 
sector, in the EDP, leisure, sport and games sector, as optical 
components, such as polariZers or ?lters, in the cosmetics 
area, in the teXtiles, leather or jeWelry area, in the gift-article 
area, in Writing utensils or on spectacle frames, in the 
construction sector, in the domestic sector and in print 
products of all types, and for the production of paints and 
coatings. 

21. The use of a multilayered pigment as claimed in one 
of claims 15 to 16 for anticounterfeiting treatment of 
articles. 

22. The use of a composition as claimed in claim 17 for 
coating utility goods or for painting vehicles. 

* * * * * 


